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PURPOSE 

The purpose of this investigation was to test various 
spillway bucket energy dissipaters to determine the 
most efficient and economical means of dissipating the 
energy at the toe of Pa Mong Dam spillway. This 
investigation was a preliminary study related to the 
feasibility design for Pa Mong Dam. 

INTRODUCTlON 

The Pa Mong Project area lies on both sides of the 
Mekong River, where the river forms the boundaries 
between northeast Tha i l i r i .  m d  northwest Laos 
(Figures 1 and 2). Pa Mong damsite,is located about 20 
kilometers upstream from Vientiane. Laos, and about 
1,600 kilometers above the mouth of the Mekong. One 
abutment will be in Laos and the other in Thailand. 

The Pa Mong Project will include a concrete dam on 
the Mekong River, plus two additional major dams 
with a number of dikes on the adjacent watersheds to 
the north and south which form a large, single reservoir 
for multipurpose development, plus associated power 
and irrigation facilities. The reservoir will impound 100 
billion cubic meters. 

The main hydraulic structure consists of a gated. 
ogee-crest spillway section 375 meters long (including 
piers) and a maximum pool height o f  110 metersabove 
the bucket invert and 90 meters above the existing 
riverbed (Figure 2). The spillway is  designed to carry a 
maximum discharge of 39,750 m3/sec (cubic meters 
per second), including 3.600 m3/sec release from the 
powerplant. The stilling basin is designed to still a flow 
of 30,000 m3/sec. Dissipation of the high energy flow 
is  achieved by the use of a submerged bucket. Flood 
routing criteria call for an annual regulated maximum 
discharge of 17,000 m3/rec. 

RESULTS 

1. The various solid bucket designs proved to be 
unacceptable for the tailwater conditions at the Pa 
Mong damsite. Boil height above tailwater was 
excessive; pulsating surges occurred at degraded 
tailwater conditions; and ground roller action caused 
severe erosion. 

2. The 13.5-meter slotted bucket dissipated the energy 
very well. The boil height above tailwater was less than 
5 meters at design spillway discharge. The bed erosion 
was negligible (Figure 128). 

3. The 1.69-meter tooth width and 0.48-meter spacing 
yielded the smoothest bucket performance. However, a 
tooth width of 4.25- and 1 .OD-meter spacing resulted in 
approximately the same bucket performance with half 
the number of teeth and twice as wide a spacing 
(Figure 128). Therefore, the 13.5-meter-radius slotted 
bucket with 4.25-meter tooth width and 1.00-meter 
spacing is  recommended. 

4. A "meter-long apron at lip elevation with 2- by 
l-meter sloping end s i l l  resulted in the optimum apron 
design. The ground roller extended horizontally 
approximately 80 meters downstream from the end 
sill; therefore, the bed should extend horizontally a 
distance of 80 meters and then rise at a 6 : l  slope t o  
the existing riverbed. 

5. One to 3-ton riprap will be needed for a distance of 
5 meters immediately downstream of the apron. 
Smaller riprap will be required for a distance of 30 
meters downstream of the large riprap. 

6. Due t o  the size and uniqueness of Pa Mong Dam, 
more th3rough studies will be required for the final 
design. 

An investigation of pressures on the teeth aald apron lip 
immediately downstream of the teeth should be 
included in these studies. 

APPLICATION 

The material in  this report applies primarily to the 
specific structure under investigation. This report 
confirms the conclusions of Monograph No. 25 with 
regard to the improved performance of the slotted 
bucket over the solid bucket for lower ranges of 
tailwater deoths. 

THE MODEL 

The model was a 1 :55.117 scale sectional model of the 
overflow spillway. It included 2 of the 18 bays, 1 full 
intermediate pier. 2 half-piers, a detachable bucket 
assembly, 200 meters of the reservoir, and 400 meters 
of the downstream channel, Figure 3A. The radial gates 
were not included in  the model. The model was built 
of wood with a galvanized sheet metal spillway and a 
plexiglass wall on one side. The test flume was 10.97 
meters long and 76.20 centimeters wide. The head bay 
was 2.29 meters deep and the tail bay was 0.76 meter 
deep. The downstream channel consisted of various 
combinations of false floors (representing concrete 



aprons) followed by pea gravel. Flow was supplied t o  
the flume through a 12-inch centrifugal pump and was 
measured by one of a bank of venturi meters 
permanently installed in the laboratory. The tailwater 
elevation was controlled by an adjustable gate. 

THE 1NVESTlGATION 

An efficient method of dissipating the tremendous 
amount of energy generated by the vertical drop a t  Pa 
Mong was required. It was felt that a bucket energy 
dissipator would yield a more economical design than a 
hydraulic jump stilling basin. 

In considering the general performance of a bucket 
dissipator, there are generally two critical zones of 
energy dissipation, namely: the surface boil and the 
ground roller. Generally speaking, energy dissipation in 
one zone can be reduced resulting in an increase o f  
energy dissipation in the other zone. The criterion for a 
good bucket design is therefore based on arriving at an 
equilibrium of energy dissipation in the two zones or a 
design favoring one zone where more protection is  
assured. 

Several bucket designs were tested. The effectiveness o f  
each design was based on the efficiency of energy 
dissipation. Visual observation as well as data taken o f  
the water surface profile were used to evaluate the 
energy dissipation i n  the two zones. Four spillway 
discharges were tested for each bucket design: 15,000. 
20,000, 25,000, and 30,000 m3/sec. Degradation of 6 
to  10 meters is expected in the downstream channel. 
Therefore, two tailwater conditions, existing and 
degraded, were tested for each spillway discharge. The 
degraded tailwater was 6 meters lower than the 
existing. 

Solid Bucket Investigations 

Init ial Solid Bucker Design.-The initial bucket design 
was a 13.5-meter-radius solid bucket with an invert 
elevation o f  144.5 meters. The bucket had a 45' 
tangent exit similar t o  the Grand Coulee bucket. This 
bucket provided inadequate energy dissipation. Figure 
38  illustrates the general performance with 15,000 
m3/sec and existing tailwater conditions. The surface 
boil was too high resulting in a large scour hole 
downstream from the bucket where the flow impinged 
on the pea gravel bed. 

Other Solid Bucket Designs.-The short radius of the 
13.5-meter bucket turned the spillway f low too sharply 
(Figure 38), therefore a 15-meter radius solid bucket 

was constructed with the invert at elevation 140.00 
meters (Figure 4). The invert was placed as low as 
possible in the flume to increase the tailwater depth at 
degraded tailwater conditions. Although there was st i l l  
a large ground roller in the channel bed, the surface 
boil and wave action looked fairly good a t  existing 
tailwater conditions (Figure 4A).  When the degraded 
tailwater conditions were tested, the surface boil began 
to  pulsate in an upstream-downstream orientation 
(Figure 48) .  A t  the 30,000 m3/sec discharge. the 
pulsating action became quite intense resulting i n  
7-meter-high waves 400 meters downstream from the 
bucket. 

Some investigators1 have suggested that a pulsating 
surge will appear when the hllR ratio exceeds a 
specific value related to the parameter 
where hl is defined as the difference in elevation 
between the maximum reservoir elevation and the 
bucket invert elevation and R is the bucket radius. A 
range in h /R values of 3 to  6 was suggested for the 
I parameters associated with this 
investigation. The 13.5- and 15-meter radius buckets 
had hl/R values exceeding 6. Eighteen- and 
28-meter.radius buckets were tested having h l / R  values 
of 6.1 and 3.9, respectively. These large radius buckets 
with hl/R ratios within or near the suggested limits 
pulsated i n  the same manner as the smaller radius 
buckets (Figures 58. 68, and 78). The 13.5- and 
15-meter-radius buckets were as stable, i f  not  more 
stable, than the 18- and 28-meter-radius buckets. The 
15-meter-radius bucket produced the best general 
performance of the solid buckets. 

Tailwater Considerations.-Since at least 6 meters o f  
degradation is expected downstream o f  Pa Mong Dam, 
the range o f  tailwarer conditions for a given spillway 
discharge is fairly broad. The solid buckets tested were 
placed as low as possible in the test flume, 
140.00-meter invert elevation, which is 20 meters 
below the existing channel bed. With the invert 
elevation at 140.00 meters, most o f  the solid buckets 
tested had just enough tailwater to  dampen the 
tendency for a pulsating surge at existing tailwater. A t  
the degraded tailwater, the surge pulsated in an 
upstream-downstream orientation creating large waves 
in the channel downstream from the bucket (Figures 
48, 5B. 68, and 78). With sufficient tailwater the 
pulsating surge was completely eliminated. To  achieve 
more efficient dissipation of energy in the bucket as 
well as eliminating the pulsating surge, an invert 
elevation Of 130 meters would be required. 

It is interesting to  note the occurrence of a similar 
phenomena in the model testing o f  the Grand Coulee 
bucket2. A transverse wave action occurred in the 

'Numbers refer to  items in bibliography. 



bucket, and it was effectively eliminated by lowering 
the bucket invert 20 feet. Although the lower elevation 
resulted in a negligible increase in excavation in the 
Grand Coulee design, the bucket invert elevation 
required for Pa Mong Dam would result in a 
considerable increase in excavation since the existing 
riverbed elevation is 160 meters. 

Various Ex i t  Designs.-Tests were conducted t o  
determine the effect of various bucket exit 
conf igurat ions o n  t h e  f l o w  pattern.  The 
15-meter-radius bucket was used for these tests. The 
first exit configuration was a radial exit, the bucket 
curve terminated a t  the 45' slope (Figure 81. The 
second and third configurations consisted of tangent 
exits extending out from the radial exit on a 45' slope. 
The lip elevation was raised to  0.6R and 0.8R above 
the invert, respectively (Figure 8). 

Water surface data are recorded in Table 1 for all three 
exit designs. The radial exit and 0.6R tangent exit 
water surface data had essentially the same boil height 
and water depth in the bucket for corresponding 
spillway discharge and tailwater conditions. The 0.8R 
tangent exit yielded a higher boil elevation and lower 
water depth in the bucket than the radial or 0.6R 
tangent exits (Figures 48 and 9). 

The various solid bucket investigations did not produce 
a satisfactory energy dissipater for the proposed Pa 
Mong Dam. Investigations conducted by the Bureau of 
~eclamation' have shown that a slotted bucket is an 
improvement over the solid bucket for low ranges o f  
tailwater depth; therefore, the tests were continued 
using slotted buckets. 

Slotted Bucket (Recommended) 

lnit ial Slottw' Bucket Design.-A 13.5-meter slotted 
bucket (Figure 10) was designed using the design 
criteria presented in Monograph No. 253. The bucket 
invert was placed at elevation 140 meters. The tooth 
width was 1.69 meters with a 0.48-meter space 
between teeth. 

The slotted bucket performance showed quite an 
improvement over the solid bucket design. The 
maximum boil height above the tailwater elevation was 
approximately 5 meters whereas a 12-meter boil height 
was recorded for the 15-meter solid bucket. The 
maximum height for the surface waves downstream of 
the bucket was 4 meters, relatively tranquil compared 
to  the 9-meter waves i n  the solid bucket tests. A false 
floor representing a concrete apron was placed at l ip 
elevation and extended downstream 110 meters. This 

There were two major areas of concern with the slotted 
bucket: The problem of cavitation damage on the teeth 
and apron l ip behind the teeth, and the proper design 
of a concrete apron downstream from the bucket. 

Tooth Modifications.-Subsequent protective work on 
the teeth could be substantially economized by 
increased tooth width and spacing which would reduce 
the surface area exposed t o  low pressures and possible 
cavitation damage. While retaining the tooth profile, a 
tooth width-to.spacing ratio of approximately 2:l was 
tested using a 2.75-meter tooth width with a 
1.40-meter spacing. 

Although a smooth surface resulted, there was 
considerable agitation of the bed downstream of  the 
apron (Figure 11C). 

A tooth width to spacing ratio o f  3.2:l was next tested 
using a 4-meter-width tooth and 1.25-meter spacing. 
There was a notable improvement in the bucket 
performance (Figure 12A). The jet flowing alcny the 
apron was somewhat unstable at the end'sill wllen 
lower spillway discharges were tested'(15.000 and 
20,000 m3/sec). This instability a t  times pulled pea 
gravel over the end s i l l  and onto the apron. 

A tooth width-to-spacing ratio o f  4.25:l was tested 
using a 4.25-meter tooth width and 1 .OOmeter spacing. 
This tooth configuration yielded almost as good a 
general performance as the initial small teeth (Figures 
l l B  and 12W, with the added advantage of half the 
number of teeth with twice the spacing. Data for 
buckets with an invert elevation of 140.0 meters are 
presented in Table 1. 

Spillway Offset.-In an effort t o  entrain air in the jet 
impinging on the teeth, a 1.27-cm offset was 
constructed on the spillway face above maximum 
water level in the bucket (Figure 13). The high velocity 
jet flowing over the offset created a reduced pressure 
and drew air under the jet immediately downstream 
from the offset. The difference in the width of the 
light strip next t o  the spillway surface in Figures 14A 
and 148 illustrates the air entrainment produced by 
the offset. This test indicated that it might be 
advantageous t o  include an offset in the spillway 
design. 

Downstream Apron.-The second area of concern was 
the required length of the apron downstream of the 
bucket. Since the geological conditions at the Pa Mong 



damsite require the use of a concrete apron, various 
lengths were tested to see which would be less exposed 
to the abrasive action of riprap. Flow leaving the 
bucket had a tendency to concentrate near the apron 
surface and cause a backflow along the apron, when it 
was placed a t  lip elevation. as shown in Figure 158. 
The apron shown in Figure l 1 A  was 110 meters long 
and as can be seen in the figure, pea gravel was drawn 
upstream on the apron where it circulated and tended 
to abrade the apron downstream of where the flow 
rose off the apron. 

Various lengths of apron were tested for 15,000 and 
30,000 m3/sec spillway discharges. A 21-meter-long 
apron with a 2- by 1-meter slopingend sill proved t o  be 
the optimum length for the various discharges. A t  the 
30.000 m3/sec spillway discharge, no bed material was 
drawn back on the apron and there was no severe 
erosion of the channel bed downstream of the end sill 
(Figure 128). The surface boil rose about 1 meter 
higher than it had with the initial tooth design due t o  
the end sill. Flow patterns for three bed configurations 
are illustrated in Figure 15. 

Riprap Protection.-The ground roller extends 
horizontally approximately 80 meters downstream 

from the end sill at the 30.000 m3/sec spillway 
discharge and proposed tailwater. The channel bed 
should therefore extend 80 meters horizontally from 
the end si l l  and then rise at a 6:l slope to the existing 
riverbed. One- to 3-ton riprap should be placed for a 
distance of 5 meters downstream from the end sill t o  
withstand the lifting force exerted on the bed by the 
jet leaving the end sill. Smaller riprap should be placed 
for an additional 30 meters immediately downstream 
from the large riprap. 
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A. Ex~sting tai lmter. Photo POA28-D-66385 

6 .  Degraded tailwater. Photo POA28.D-66386 

Invert elevation 140.0 m, apron elevation 138.5 m 

Pa Mong Dam 
Spillway Bucket Energy Dissipator 

1 :55.12 Scale Model 

15 Meter Radius Solid Bucket iwith 
Radial Exit. Q = 15.000 cu mlsec 



Figure 5 

A. Existing tailwater. Photo POA28-0.66387 

B. Degraded tailwater. Photo POA28.D.66388 

Invert elevation 140.0 m. apron elevation 138.5 m 

Pa Mong Dam 
Spillway Bucket Energy Dissipator 

1:55.12 Scale Model 

18 Meter Radiur Bucket with 
Tangential Exit, Q = 15,000 cu misec 



Figure 6 

A.  Existing tailwater. Photo POA28.DG339 

B. Degraded tailwater. Photo POA28-D-66390 

Invert elevation 140.0 rn 
Pea gravel bed a t  bucket l i p  elevation 

Fa Mong Dam 
Spillway Bucket Energy Dissipater 

1 :55.12 Scale Model 

19 Meter Radius Solid Bucket with 
Tangential Exit .  Q = 15,000 cu mtsec 



A. Existing tailwater. Photo POA28-D-66391 

8. Degraded tailwater. Photo POA28-D-66392 

Invert elevation 140.0 rn 
Pea gravel bed at bucket lip elevation 

Pa Mong Dam 
S~i l lwav Bucket Energy Dissipato~ 

1 :55.12 Scale Model 

28 Meter Radius Solid Bucket with 
Radial Exit, Q = 15,000 cu mlsec 





Figure 9 

Q = 15.000 cu mlsec. 0.8R tangent exit, degraded tailwater. Photo 
POA28-D-66393 

Pa Mong Dam 
Spillway Bucket Energy Dissipator 

1 :55.12 Scale Model 

15 Meter Radius Solid Bucket 

. 
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Figure 10 

Pa Mong Dam 
Spillway Bucket Energy Dissipater 

1.55.12 Scale Model 

Slotted Bucket Design 



Figure 11 

A. Tooth width 1.69 m, 
spacing 0.48 m. 110-m.long 
apron at bucket lip elevation, 
Q = 15.000 cu misec 
degraded tailwater. Photo 
POA28-D-66394 

D.  Tooth width 1.69 m. 
spacing 0.48 m. 21.m-long 
apron, Q = 30,000 cu mlsec 
ex is t ing tailwater. Photo 
POA28-D-66395 

C. Tooth width 2.75 m, 
spacing 1.40 m, 50-m.long 
apron, Q = 30.000 cu mlsec, 
ex is t ing tailwater. Photo 
POA28-D-66396 

Pa Mong Dam 
Spillway Bucket Energy t is sip at or 

1 :55.12 Scale Model 

Various Tooth Width-Spacing Ratios 
for 13.5 Meter Radius Slotted Bucket 



A. Tooth width 4 m, spacing 1.25 m. 21-m-long apron. Photo 
POA28.D.66397 

B. Tooth width 4.25 m, spacing 1.0 m. 21-m-long apron. Photo 
POA28-D-66398 

Pa Mong Dam 
Spillway Bucket Energy Dissipator 

1 :55.12 Scale Model 

Various Tooth Width-Spacing Ratios 
for 13.5 Meter Slotted Bucket 

Q = 30,000 cu mlsec. Existing Tailwater 



Figure 13 
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SECTION A-A  

Pa Mong Dam 
.- Spillway Bucket Energy Dinipator 

1 :55.'12 Scale MO@$~.__ : 
--><. '.. .-"i ..-. 

Air Slot ~od'ification Detail 
(3 



A.  Without air slot. Photo POA28-D.66399 

B. With air slot. Photo POA28-D-66400 

Pa Mong Dam 
Spillway Bucket Energy Dissipator 

1 :55.12 Scale Model 

Light Slit Indicating Solid Jet at 
Bucket Wall. Q = 30,000 cu m/Sec 

Proposed Tailwater 

~ ~~ 





The rnefric technical ,unit of force is the kiio ram fame; this is the force mhich, when applied to a body having a 
mass of 1 kg, ives it an acceleration of 9.83665 m/sec/sec the standad acceleration of free Pall tcmard the earth's 
center for eea?evel at 45 deg latitude. The metric unit of fdrce in SI unit- .- ., I., the nestan (M, which is defined as 
that force which, when aoplied to a body having a mass of 1 kg, gives it an acceleration of 1 rn/sec/se:. These ,mils 
must be dislinguishe3 from the (in-ozstant) local weight of a body having a mass of 1 kg; that is the weight of a 
body is that force with ahich a b3dy i s  attracted to the earth an3 is equal to the mass of a body &ultiplied by the 
acceleration due !o ravity. However because it is general practice to use "pound" rather than the t e s h ~ c l l y  
correct term "pounr?force. " the terni "kilogram" (or derived mass unit) has been used in this guide ins t sd  of "kiloqram- 
force" in expressing the  conversion factors for forces. The newton unit of farce will find increasing use, an3 is 
essential in ST units. 

Where appranimate ilr n3minal English unit3 are used to express a v l u e  or range af v lues ,  the ronverted metric units 
in parentheses are also amraxirnate ar nminl l .  Whem precise Eql ish  units are x e d ,  the conrezted metric units 
are exoressed as equally significant vaiues. 

Table 1 

QUANTITIES AND UNITS OF SPACE 

Multmlv Bv TO obtain 

Mil. . . . . . . . . . . . .  25.4 (exactly). Micron . . . . . . .  
Inches . . . . . . . . . . .  25.4 (exactly). . . . . . . .  Millimeters . . . . . . . . . . .  -. . . . . . .  

I i.~ 
2.54 (exactly)*. Centimeters . . . . . . .  . . . . . . . . . . . .  ". . ; Feet 30.48 (emi ly )  Centimeters . . . . . . . . . . . .  ,.,' . . . . .  

', ? 

0.3048 (ewcWf)*. Meters . . . . . . . . . . . .  0.0003048 (emUy)* . . . .  Kilometers 
Yards . . . . . . . . . . .  0.9144 (emcU ) Meters 
Miles (statute). . . . . . . .  1. W9.344 (exactly?* : : : : : : Meters . . . . . . . . . . . .  1.608344 (exactly) Kilometers . . . . .  
- AREA -- 

. . . . . . .  Squareinches. 6.4516 (euactly) Square centimeters . . . . . .  
Square feet . . . . . . . . .  929.03*. . . . . . . . . . .  Square centimeters , . . . . . . . .  0.092903 . . . . . . . . .  Square melers 
Square yards . . . . . . . .  0.836127 . . . . . . . . .  Square meters 
Acres . . . . . . . . . . .  0.40469' . . . . . . . . .  Hectares 

4,046.9* Square meters . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  0.0040409' . . . . . . . .  Square Mome:ers . . . . . . . .  Souare miles 2.58999. Square kilometers . . . . . . . . .  
VOLUME 

Cubic Inches . . . . . . . .  16.3871 . . . . . . . . . .  Cubic centimeters 
Cublc feet. . . . . . . . . .  0.0283168. . . . . . . . .  Cubic meters 
Cublc w d s .  . . . . . . . .  0.764555 Cubic meters . . . . . . . . .  

CAPACITY 

Fluld m c e s  (U. S.) . . . .  29.5737 Cubic centimeters . . . . . . . . . .  
29.5729 . . . . . . . . . .  Milliliters . . . .  

Uquid plnts (U. 8.) . . . .  0.473179 . . . . . . . . .  Cubic decimeters 
0.473166 . . . . . . . . .  Uters  . . . .  

p a r t s  (U.S. 1 . . . . . . .  946.358' . . . . . . . . . .  Cubic centimeters . . . . . . .  0.946331L. Liters . . . . . . . .  
Gallons (U.S.). . . . . . .  3.785.43' . . . . . . . . . .  Cubic centimeters 

. . . . . . .  3.78543. . . . . . . . . .  Cublc dectmeters . . . . . . .  3.78533. . . . . . . . . .  Uters  . . . . . .  0.00378543*. . . . . . . .  Cubic meters 
Gallons (3. K. j . . . . . .  4.54609 . . . . . . . . .  Cubic decimeters . . . . . .  4.54596 . . . . . . . . .  Uters  
Cubic feet. . . . . . . . .  28.3160 . . . . . . . . . .  Ltters 
Cubic rds. . 764.55* Liters . . . . . . . . . .  
~ c r e - g t .  . .  : : : : : : 1,233.5* . . . . . . . . . . .  Cubic meters 

.l,233,500* Liters . . . . . . . .  . . . . . . . . . . .  
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Model studies were made to dctcrmine the mort effic~ent means of energy dissipation for the Pa 
Mong Dam spillway. The rpillway har a design discharge of 3 6 . 1 5 0 ~ ~  m/rec.Sol~d andslotted 
bucketr were terted. The rlotted bucket design resulted in excellent energy dissipation with 
minimum rurface wave action and bed erosion. Various tooth width.to.spacing ratios were 
tested in an attempt to achieve ar large a tooth width and spacing as porrible. Several lengths of 
apron placed at bucket lip elevation were tested to determine optimum length. Tests of an 
offset an the rpillway surface indicated a method of entraining air in the highdoci ty flow 
entering the bucket energy dirripatar. 

Model studies were made to determine the mort efficient means of energy dissipation for thc Pa 
Mong Dam rpillway. The rpillway has a derign discharge of 36,150 cu mlsec. Solid and slotted 
buckets were terted. The slotted bucket dcrign rcrulted in cxccllent energy dirripation with 
minimum surface wave action and bed crorion. Variour tooth width-to-spacing ratior were 
tested in an attempt to achieve as large a tooth width and rpxing ar porrible. Several lengthr of 
aoron daced at bucket lip elevation were terted to determine optimum length. Terts of an . . 
offset on the rpillway &face indicated a method of entraining air in the high.velocity flow 
entering the bucket energy dirripator. 

Model rtlldier were made to determine the most efficient means of energy dissipation for the Pa 
Mong ~ad<~pi l lway.  The rpillway has a derign discharge of 36.1 50 cu mhec. Solid and slotted 
buckets we;? tested. The rlotted bucket derign resulted in excellent cnergv dissipation with 
minimum ryface wave action and bed erosion. Various tooth width.to-rpacing ratios were 
tested in an aAEmpt to achieveas large a tooth width and spacing as porrible. Several lengths of 
apron placed at' bucket lip elevation were terted to determine optimum length. Tertr of an 
offset on the rpillway rutface Indicated a method of entraining air in the high-velocity flow 
entering the bucket energy dirripator. 

ABSTRACT 

Model studies were made to determine the mart efficient means of energy d~rripatian for the Pa 
Mong Dam spillway. The spillway has a derign discharge of 36.150 cu mlrec. Sulid and slotted 
buckets ware terted. The slotted bucket derign resulted in  excellent energy dissipation with 
minimum surface wave action and bed erosion. Vsriour tooth width-tospacing ratios were 
terted in an attempt to achieve ar large a toath width and spacing as porrible. Several lengths of 
apron placed at bucket lip elevation were terted to determine optimum length. Tertr of an 
offset an the spillway rurface indicated a method of entraining air in the h~ghvelocity flow 
entering h e  bucket energy dirripatar. 
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